Synthetic nanoparticle vaccines produced by layer-by-layer assembly of artificial biofilms induce potent protective T-cell and antibody responses in vivo.
Nanoparticle vaccines induce potent immune responses in the absence of conventional adjuvant due to the recognition by immune cells of the particle structures, which mimic natural pathogens such as viruses and bacteria. Nanoparticle vaccines were fabricated by constructing artificial biofilms using layer-by-layer (LbL) deposition of oppositely charged polypeptides and target designed peptides on CaCO(3) cores. LbL nanoparticles were efficiently internalized by dendritic cells in vitro by a mechanism that was at least partially phagocytic, and induced DC maturation without triggering secretion of inflammatory cytokines. LbL nanoparticle delivery of designed peptides to DC resulted in potent cross-presentation to CD8+ T-cells and more efficient presentation to CD4+ T-cells compared to presentation of soluble peptide. A single immunization of mice with LbL nanoparticles containing designed peptide induced vigorous T-cell responses characterized by a balanced effector (IFNγ) and Th2 (IL-4) ELISPOT profile and in vivo CTL activity. Mice immunized with LbL nanoparticles bearing ovalbumin-derived designed peptides were protected from challenge with Listeria monocytogenes ectopically expressing ovalbumin, confirming the relevance of the CTL/effector T-cell responses. LbL nanoparticles also elicited antibody responses to the target epitope but not to the matrix components of the nanoparticle, avoiding the vector or carrier affect that hampers utility of other vaccine platforms. The potency and efficacy of LbL nanoparticles administered in aqueous suspension without adjuvant or other formulation additive, and the absence of immune responses to the matrix components, suggest that this strategy may be useful in producing novel vaccines against multiple diseases.